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Igsg. to observe that the action potential becomes positive with respect to the potential of resting uninjured muscle. It is of interest to know whether this positivity has the same significance as that seen in transmembrane recording. Figure I A shows a series of action potentials recorded with an intracellular microelectrode. It will be noticed that the amplitude of the resting potential is g5 mv, the action potential I I 2 mv and the reversal I 7 mv. In the suction electrode records, however, the ratio of reversal to total amplitude is very much larger ( fig. I C, 0) . It is interesting to note that the resting potential appears as soon as the suction is applied and remains fairly constant thereafter.
The action potential, however, grows during the course of many beats. In our records the resting potential is about 8.5 mv and the reversed phase is about 15 mv. This agrees with earlier reports for dog ventricle in which a resting potential of 26.1 mv and a positive phase of 31. I mv were reported (9) and for turtle ventricle in which a resting potential of 2 I .35 mv and a positive phase of 30.25 mv were reported (6) figure 2A and B in which the gain has been adjusted so that the action potentials are of equal apparent amplitude. It will be seen that there is a rather close agreement in the course of the entire recovery process and that the major difference is found in the steepness of the upstroke. The upstrokes are shown on a faster sweep in figure 2C and D. It is quite obvious that the rising phase of the suction electrode record is much slower than that obtained with the microelectrode.
Site of the origin of the potential. figure 2C a record is shown in which the microelectrode is very close to the drive electrode and the suction electrode is about I mm away from it. Only a slight difference in conduction latency is apparent.
When, in figure 20 , the microelectrode is moved about 8 mm away from the drive electrode and the suction electrode is unchanged in position the upstrokes are much more widely separated in time. It appears therefore that the rising phase of the monophasic action potential recorded by the suction electrode is associated with the onset of activity in the near vicinity of that electrode.
Rabbit Heart
The capillary microelectrode was assumed to register true transmembrane potentials when the resting potential was at least 80 mv, the base line was steady and the configuration of the action potential remained identical for at least IO fig. 3A) .
The rapid ascent of the intracellular action potential was usually preceded by a slower component, I mv or less in amplitude, appearing as a step or as a dip. When the intracellular microelectrode left the cell the step was transformed into the ascending branch of an R wave ( fig. 4B ). The ascent of the action potential registered with the suction electrode also showed a slow initial step or dip which was synchronous with that appearing in the intracellular curve. A dip appeared usually when an electrocardiogram registered before suction was applied showed a Q wave, while a step appeared when this curve began with an R wave. In ventricular extrasystoles the dip may disappear in both the intracellular potential and the curve registered with the suction electrode ( fig. 3B) .
The ascent of the action potential was usually followed by a brief rapid descent ('spike') of 1-5 mv, coinciding with the descending branch of the R wave in the synchronously registered electrocardiogram. While a spike was present in nearly all intracellular curves, it was not constant in the suction curve, and whenever it was present, it was usually smaller than in the intracellular curve ( figs. 3 and 4) fig. 3E ). On many occasions afterpotentials appeared in the transmembrane curve shortly before the capillary electrode worked itself out of the cell, as indicated by decrease in voltage and appearance of an unsteady base line.
In the experiment illustrated in figure 4A, it is well to establish by a preliminary control experiment that the potential under study is similar to that recorded with the intracellular microelectrode. The major source of artifact with either method results from electrode movement. This is especially great in records from the isolated, perfused heart, since in this case the heart is suspended from a fixed aortic cannula and any movement of the heart during contraction is communicated in its entirety to the suction or intracellular electrode.
It was probably caused by pull on the suction electrode. The intracellular potential, registered synchronously, showed no change in configuration while this transformation was taking place.
When the configuration and duration of the action potential was modified by the effect of low potassium or calcium or both, the changes were reflected equally in the intracellular~and in thesuction curve ( fig. $?) . '
DISCUSSION
The principle of the suction electrode is that myocardial cells are drawn forcibly into the tip of a tube; through the combined effect of pressure and the resulting ischemia the membrane of those cells are probably partially depolarized and made nonexcitable. The electrode in contact with these cells registers the potential across the membranes of the normal portion of the myocardium immediately adjacent to the opening of the electrode, reduced by the short-circuiting effect of the extracellular fluid. Because of this effect, the action potential registered even immediately after application of suction can be at best only a fraction of the true transmembrane potential difference (I, g-t I). In our experiments it was about 40% of this difference, while in skeletal muscle, which has a considerably larger cell diameter in relation to the intracellular spaces, this fraction was found to be about 60 % (I 2). In addition to this short-circuiting effect, another factor tends to reduce the voltage of the action potential as time goes on; this is the gradual depolarization of the normal cell membranes in the vicinity of the suction electrode perhaps due to flow of injury current.
The (15) which is comparable to the value of I IO mv obtained with microelectrodes.
The It is interesting to note that the beginning of the upstroke in the electrical record obtained with a suction electrode corresponds closely with the arrival of activity in the vicinity of that electrode as indicated by an ad-
